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REFNXEESEVESRE _EFXZMEREMD : Medline, Cochrane ZREEEEBEERE,
EMBASE %) - W BN EXESIRBR(SEXXRIPHEEHSR - Web of Science, Scopussk
Google Scholar) * FHEEEIFERNE - XRESEARIRNE - TEEREER MeSHFE X
—hR & F 5% (text words) °

Search Methods

Literature published before March 2021 was inspected using
MEDLINE, CINAHL, Web of Science Core Collection, The
Cochrane Library, Cochrane Central Register of Controlled Trials
(CENTRAL), and Ichushi-web databases. MeSH terms used in the
search included “Carbon,” “Carbon Dioxide,” “Carbonates,”
“Water,” “Beverages,” “Deglutition Disorders,” and “Deglutition.”
We consulted an information specialist working at Aichi Medical
University on formula creation and searching. The detailed search
strategies are described in Supporting Information, Appendix 1, in
the online version of this article.
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Data Extraction

In the primary screening phase, two reviewers (A.N. and A.
s.) of the systematic review team worked independently to
exclude studies that did not meet the inclusion criteria based on
the title and the abstract. In case of disagreement, the reasons
for the disagreement were clarified; then, a third reviewer (kK.M.)
was consulted on the decision to include or exclude the study.

In the full-text evaluation phase, the same two reviewers
read the whole text and evaluated the suitability of the studies.
If the two reviewers disagreed, the reason for the disagreement
was clarified; then, the opinion of the third reviewer was consid-
ered. If the whole text was unavailable, we contacted the
corresponding author of the study. If the whole text was still
unavailable, the study was excluded.

BlthumEs
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Inclusion Criteria

The search included randomized controlled trials (RCTs) or
intervention studies on carbonated liquids. A carbonated liquid
was defined as any liquid with carbonic acid, commercial or self-
made, and plain or sweetened. The selected studies focused pri-
marily on the swallowing function and included adult partici-
pants aged 20 years or older, irrespective of sex, medical history,
or clinical settings. Studies in which the outcome was not related
to swallowing function were excluded.
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Risk of Bias Assessment

Two authors (A.N. and A.8.) independently assessed the risk
of bias using the Cochrane tool for assessing the risk of bias for
RCTs and the Risk of Bias Assessment Tool for Nonrandomized
Studies (RoBANS) tool for nonrandomized studies. We used the
following components for assessing the risk of bias: random
sequence generation, allocation concealment, blinding of

BtHUBERR = 22
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RESULTS

Screening Results

A total of 328 records were identified by the elec-
tronic database search. After duplicates were removed,
the remaining 246 records were screened, and 32 articles
were identified for evaluation based on the inclusion
criteria. Of these, 19 studies were included in the qualita-
tive analysis, and five were included in the quantitative
synthesis. The workflow diagram of the search is shown
in Fig. 1.
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BREFVMENXE?

EBETXRABEBIARH  2AMXRMEBERMAZVEZE-IRRREREW/MRERVEEE -

Todd (2012)* 2 & & Q ® &

Plonk (2011)* | @8 6 e 6 e _._‘
s B Q@ @ @ @

Turkington(20190)** & @ & @ & &

Sdravou(2012)**  (# e D ©® ©® @

— high risk ? unclear
Haasmmn c OF0H

OARBE

Fig. 2. The risk of bias assessment. The Cochrane tool for
assessing the risk of bias was used for RCTs and the Risk of Bias
Assessment Tool for Nonrandomized Studies (RoBANS) was used
for nonrandomized studies. *The Cochrane tool for assessing risk
of bias: A: random sequence generation, B: allocation concealment,
C: blinding of participants and personnel, D: blinding of outcome
assessment, E: incomplete outcome data, F: selective outcome
reporting. **The Risk of Bias Assessment Tool for Nonrandomized
Studies: A: selection of participants, B: confounding variables, C:
measurement of exposure, D: blinding of outcome assessments, E:
incomplete outcome data, F: selective outcome reporting. [Color
figure can be viewed in the online issue, which is available at www.
laryngoscope.com.]
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TABLE 1.

Characteristics of Included Studies.

Design and Patients’

Swallowing Problems and

Study Characteristics Etiology Comparisons Qutcomes
Bllow Monrandomized intervention 36 were neurologically impaired, Intervention: Carbonated thin Penetration/aspiration,
et al.,'® study 19 had a cerebral vascular liquid pharyngeal transit time,
Sweden accident, and four had no pharyngeal retention

Plonk &t al.,'®

USA

Dodderi
etal,’
India

Kani et al.,"®
Japan

Karaho
et al.,

Japan

Order: control first
n = 40, Female 45%
Mean age: 68.7 years old

Patients who submitted for a
VFSS.

Crossover trial
n = 80, Female 100%

18-35 years old and +60 years
old

Volunteers from the community

Monrandomized intervention
study

Order: unknown

n = 30, Female 50%

18-24 years old, mean age
21.6 years old

Orally recruited

Monrandomized intervention

study

Order: unknown
n = 5, Female 40%
22-35 years old

Monrandomized intervention
study

Order: unknown
n = 15, Female 20%

neurclogical diseases.

Mo history of swallowing or taste
disorders or allergies to any
stimuli

Mo deglutition disorder assessed
by Eating Assessment Test-
10

Mo swallowing problem

5 had pseudobulbar palsy, 10
were healthy without
swallowing problem.

Control: thin liguid and
thickened liquid

Intervention: Carbonation

Control: water, acid, and ethanol

Intervention: carbonated sweet
water

Control: lukewarm water

Intervention: Carbonated water
(weak, medium, strong)

Control: Still water

Intervention: Cold carbonated
water Control: Lukewarm
water and cold water

Swallowing apnea duration

Total swallowing time of 100 mil
drinking

Swallowing Function Parameter

Volume for elicitation of
swallowing reflex



Karaho
et al.,

Japan

18

Kimura and
Sasaki,*”

Japan

Dafiah and
Swapna,”’

Michou ]
et al.,* UK

Reg an, 2>
Ireland

MNonrandomized intervention
study
Order: unknown

n = 15, Female 20%
Monrandomized intervention

study

Order: control first

n =7, Female 29%

Crossover trial

n = 60, Female 50%

18=35 years old

Crossover trial

n = 20, Female 35%

Mean age: 25.7 years old

Crossover trial

n= 15, Female 47%

45-86 years old, mean age
63 years old

Patients with dysphagia who

were attending an outpatient

dysphagia clinic in an acute
hospital setting.

Nonrandomized intervention
study
Order: unknown

n = 48, Female 37.5%
Mean age: 76.0 years old

Patients who had been referred

to the Diagnostic Centre of
Imaging and Functional
Medicine at the Skane

5 had pseudobulbar palsy, 10
were healthy without
swallowing problem.

MN/A

Mo swallowing problem

Mo history of swallowing
problems

Presence of dysphagia
(Functional Oral Intake
Score < 6)

Various etiologies

38 had a diagnosis of dementia
with Lewy bodies and 10 had
a diagnosis of Parkinson's
disease dementia

Intervention: Cold carbonated
water Control: Lukewarm
water and cold water

Intervention: Carbonated
beverage

Control: Water

Intervention: Carbonated drink

Control: Water, lemon juice
concentrate

Intervention: Carbonated water
Control: still water

Intervention: carbonated liquid

Control: Still water and sour
liguid

Intervention: Carbonated liquid

Control: Thickened liquids and
thin liguids

Volume for elicitation of

swallowing reflex

Pharyngeal transit time

The amplitude and duration of

hyolaryngeal elevation

Swallowing reaction times

Pharyngeal occlusive pressure,

duration of upper esophageal
sphincter opening, upper
esophageal sphincter
pressure

Penetration scale, pharyngeal

transit time

Laryngoscope 132: October 2022
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o TABLE 1.

Continued
Design and Patients’ Swallowing Problems and
Study Characteristics Etiology Comparisons Outcomes

University Hospital from the

Memory Clinic in Malmé for a

therapeutic videoradiographic

swallowing study as part of

clinical practice.

Moritaka Nonrandomized intervention No recent or current swallowing Intervention: Carbonated drink Linguopalatal swallowing
etal,® study impairment with gas volumes of 1.5, 2.7 pressure and duration, bolus
Japan v velocity through the pharynx,

Dien: taknown sensory evaluation
n = 20, Female 100% Control: Carbonated drink with
s : lumes of 0
Participants recruited from gea:ve
university for woman. (nancarbonaled)

Turkington Nonrandomized intervention No swallowing difficulties. Intervention: Carbonated water Palatability, sip volume
etal.*® study
Australia

Turkington

27
L.,

eta
Australia

Order: control first
n = 42, Female 100%
Mean age: 37.64 years old

Nonrandomized intervention
study

Order: control first
n = 29, Female 41%

Patients who were referred for
instrumental VFSS within an

adult acute care tertiary facility.

Crossover trial
n = 14, Female 21%

Mean age: 27.5 years old
Volunteers

Neurogenic dysphagia with PAS
score > = 3 on thin fluids
drinking

No swallowing problems

Control: Still water, barium
+ acid base reaction (sulfate)

Intervention: Carbonated thin
fluid

Control: Noncarbonated thin
fluid

Intervention: Sham pharyngeal
electrical stimulation (PES)
+ carbonated water

Controls: Only PES, PES
+ carbonated water, PES
+ still water

PAS scoresVideofluoroscopic
dysphagia scale

Pharyngeal MEP, corticobulbar
and craniobulbar resting
motor threshold, MEP
amplitudes

28



Elshukri
et al.,*®
Germany

Morishita
etal.,*
Japan

Todd et al.,*
USA

Sdravou
etal.,™

Ireland

Krival angﬁr
Bates, **
LUSA

Crossover trial

n = 16, Female 50%
Mean age: 33 years old
Volunteers

Monrandomized intervention

study

Order: control first
n=28

Young individuals attending Kibi
International University, and
elderly inpatients admitted for
fracture and internal disease

Crossover trial

n = 80, Female 100%

18-35 years old and over
60 years old

Monrandomized intervention

study

Order: control first
n = 17, Female 29%

Qutpatients referred by
physicians or speech-
language pathologists for
VFSS at the research site.

Crossover trial
n = 20, Female 100%
Mean age: 24.8 years old

Community dowering

Mo history of swallowing
difficulty

Mo diagnosis of dysphagia

Mo history of swallowing
disorders

All patients had oropharyngeal
dysphagia with associated
with pulmonary disease.
Three participants had a
tracheostomy tube sited in the
past that was no longer in situ
at the time of the study

Recent or current swallowing
impairment

Intervention: Carbonated
solutions

Controls: mineral water and citric
acid

Intervention: Carbonated water

Control: Tap water and sports
drink

Intervention: Barium and
carbonation

Controls: Barium, barium and
citric acid, barium, and
ethanol

Intervention: Carbonated thin
liquids

Control: Noncarbonated thin
liquids

Intervention: Carbonation,
carbonated beverage

Control: Water

Swallowing reaction time, MEP

Duration of Laryngeal Elevation

Swallowing apnea duration,
palatability

Oral transit time, pharyngeal
transit time, stage transition
duration, initiation of the
pharyngeal swallow scale,
penetration-aspiration scale,
pharyngeal retention scale

Palatability, peak linguopalatal
swallowing pressure, release
phase duration, linguopalatal
pressure patterns

MEP = motor-evoked potential; PAS = penetration aspiration scale; VFSS = videofluoroscopic swallow studies.
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(A) Effect of carbonation on aspiration

Z AR STRR

EARYm E Y0( (T-H)

Risk Difference

Carbo Noncarbo Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CIl M-H, Random, 95% ClI
Sdravou2012 0 17 g 17 54.5% -0.29[-0.52,-0.07] i ]
Turkington2018b 13 29 20 29 455% -0.24 [-0.49, 0.01) L
Total (95% Cl) 46 46 100.0%  -0.27 [-0.44, -0.10] =i
Total events 13 25
0.25 0.5

Heterogeneity: Taw?

: =000, Chiz=B=-H-df=1 (P= D.Tdij -ﬂ=5
Testfor overall eflect: Z= 3.17((P = 0.002) Favours Carbonation SFavours Non-carbonation

(B)Effect of carbonation on penetration/aspiration

-0 0

Carbo Noncarbo Risk Difference Risk Difference

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% Cl

Larsson2017 0 24 2 24 443% -0.08 [-0.21, 0.05) =

Sdravou2012 T 97 7 17 6.8% 0.00[-0.33,0.33] * >

Tutkington2019b 26 29 20 29 438% -0.10[-0.23, 0.02) =

Total (95% CI) 70 70 100.0%  -0.09 [-0.17,-0.00] RS

Total events 33 38
1 I | i
-0.2 -0.1 0 01 0.2

Heterogeneity: Tau® = 0.00: Chi* 2042 df = 2 (P = 0.79) @
Test for overall effect Z=1 .EI

Favors Carbonation Favors Noncarbonation

Fig. 3. Forest-plot for comparison of carbonation versus noncarbonation based on the occurrence of (A) aspiration and (B) penetration/aspira-
tion. (A) Effect of carbonation on aspiration. (B) Effect of carbonation on penetration/aspiration. Carbo = carbonated liquid; Cl = confidence

interval; M-H = Mantel-Haenszel; noncarbo =
www.laryngoscope.com.]

-SSEHEZARILE

noncarbonated liquid. [Color figure can be viewed in the online issue, which is available at
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(A)Eftect of carbonation versus non-carbonation (water) on the duration of swallowing apnea

Carbo MNoncarbo Std. Mean Difference $td. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Plonk 2011 ne4 0.3 80 078 0.29 B0 &0.2% D20[F011,051] - &
Todd old 1.001 0.3352 40 0.853 0.3326 40 24 6% 0.44 [-0.00, 0.88] s
Todd young 0.757 0.31862 40 0702 03162 40 251% 017 [-0.27,0.61] =
Total (95% CI) 160 160 100.0% 0.25 [0.03, 0.47] B

05

Hatarogeneity: Tau® = 0.00; Chi=&-84 _df= 2 (P=0. Ei-l)
Test for overall effect Z=2.2 @

(B) Effect of carbonation vs. acid on the duration of swallowing apnea

Longer with non-carbo

-0.25

] 2 i
onger with carbonation

Std. Mean Difference

Carbo Acid Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Plonk 2011 0.84 03 80 083 041 80 48.0% -0.14 [-0.45,017] —a—
Tadd ald 1001 03352 40 091 03289 40 258% 027 017, 0.71] "
Todd young 0767 03162 40 0752 0.3162 40 26.1% 0.02[-0.42, 0.45]
Total (95% Cl) 160 160 100.0% 0.01 [-0.23, 0.24] #
Heterageneity, Tau?= 0.00; Chi=2.23, df= 2 (P=0.33), F=10% 1 -ul.s 3 055 1

Test for overall effect Z=0.06 (F = 0.95)

Longer with acid Longer with carbonation

Fig. 4. Forest-plot for comparison of carbonation versus (A) noncarbonation and (B) acid on the duration of swallowing apnea (seconds).
(A) Effect of carbonation versus noncarbonation (water) on the duration of swallowing apnea. (B) Effect of carbonation versus acid on the dura-

tion of swallowing apnea. Carbo = carbonated liquid; noncarbo = noncarbonated liquid; Cl =

confidence interval; IV = inverse variance;

SD = standard deviation. [Color figure can be viewed in the online issue, which is available at www.laryngoscope.com.]
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